Abstract We evaluated whether duration of time in the US is associated with obesity risk in NYC Chinese immigrants. We analyzed cross-sectional survey data on 2072 men and women. Duration of US residence was categorized into B5, 6-15, and 15 years and over. Obesity was defined using WHO Asian standards: BMI of 27.5 kg/m 2 or greater. Diet and physical activity (PA) were assessed as potential explanatory variables. After adjusting for covariates, increased time in the US was associated with an increased obesity risk (OR 1.49; 95 % CI 1.06, 2.08 for 15 years or more vs. B5 years); and in separate analysis, with having reported no work related PA (OR 0.76; 95 % CI 0.59, 0.99). Findings suggest that increased time living in the US is associated with an increased obesity risk, a finding possibly explained by a shift to more sedentary lifestyle characteristic of the transition of immigrants to the US.
Introduction
Obesity is increasing in the US [1, 2] and in many regions around the world including Asia [3] [4] [5] [6] [7] [8] and Latin America [9] due to increasing wealth and urbanization [10] . These two regions also are the biggest contributors of immigrants to the US [11] [12] [13] . Because immigrant populations experience rapid change in exposures they provide a unique opportunity to study the impact of environmental change on the progression to obesity.
US immigrants are a dynamic population. There are 40 million immigrants in the US, representing a twofold increase in just two decades , and a growth rate that is unparalleled in US history [14] . Recent data indicate that Asia has now replaced Latin America as the major region of origin for the foreign-born population in the US. For example, among foreign-born population arriving 2008 or later, over 40 % originate from Asia, compared to 25 % from Mexico or Central America [15] . Among the newly arrived from Asia, Chinese-origin immigrants constitute the largest proportion [15] .
Immigrant Health Advantage
It is well-documented that immigrants arrive with a health advantage despite an adverse socio-economic profile [16] [17] [18] [19] . One leading explanation for this advantage is that immigrants may compose a selected group who are healthier than their counterparts left behind in their origin country [20] . A second explanation is that the cultural orientation immigrants bring with them to the US protects them from adverse health outcomes. It has been suggested that the protective culture of immigrants encourages healthy behaviors and strong social support systems; facilitates access to health information and health systems; and reinforces positive health norms [21, 22] . For example, strong evidence suggests that the BMI of recent immigrants is lower, when compared to US natives [23, 24] . Supporting this pattern are studies showing higher fruit and vegetable intake [25] and certain forms of physical activity [26] among immigrants relative to US born. However, studies also suggest that this initial health advantage erodes over time, a process sometimes referred to as ''unhealthy assimilation'' [23] .
Focus on Obesity in Chinese-Origin Population
Our study asks whether assimilation is associated with obesity risk using data from a large epidemiological study of Chinese immigrants living in NYC, an understudied population with high prevalence of both diabetes and impaired fasting glucose [27] . Several studies have examined the question of whether longer US residence is associated with increased risk of obesity in US immigrants [24, [28] [29] [30] . Some studies have focused on Asian populations, but have relied on nationally representative datasets, making it challenging to stratify by country of origin [24] . In a 2010 systematic review of time in the US and obesity in US immigrants, out of 15 studies conducted through 2008, only one study reported stratified data on Chinese adults; however this study did not present detailed analysis on time in the US and obesity risk by country of origin [24] . To our knowledge only one previous study published after the 2010 review presents data on Chinese separately; and this study finds a positive association between increasing generations and BMI using data from the National Latino and Asian American Survey [31] .
Building on our prior work [32] , we focus on a Chineseorigin immigrant population living in NYC. The Chinese population in New York City (NYC) has more than doubled in the past 20 years, making it one of the fastest growing immigrant groups in NYC [33, 34] . From a national perspective, in the last decade, the Asian population grew faster than any other race/ethnic group and the Chinese represent the largest ethnic group among all Asians [35] .
Obesity growth worldwide has been attributed to westernization of lifestyles [36] [37] [38] , and since Chinese immigrants are moving to a more western society in the US, it would be reasonable to assume that their obesity risk will be heightened with longer time in the US. Following this logic, we ask whether increased time in the US is associated with an increased obesity risk and if so, does increased caloric intake and/or a decline in physical activity explain the increased obesity risk?
Methods
We conducted an analysis using data from the Chinese American Cardiovascular Health Assessment (CHA CHA), a cross-sectional epidemiological survey among 2072 immigrant Chinese Americans living in New York City [27] . The study was approved by the Institutional Review Boards at the Albert Einstein College of Medicine and NY Downtown Hospital. Study participants were recruited by the Chinese Community Partnership for Health (CCPH) as a community cardiovascular screening initiative. The CCPH disseminated information about the screening program through the Chinese language media as well as senior centers, and businesses located in the Chinese communities in lower Manhattan and Sunset Park Brooklyn. The CCPH staff scheduled study appointments, which were conducted in NY Downtown Hospital's Manhattan and Brooklyn ambulatory care sites.
During the scheduled clinic appointments, trained CCHP staff obtained fasting blood for assessing cardiometabolic risk, anthropometric measures using standardized procedures, and collected participants' sociodemographic and behavioral information. Anthropometric measurements included height and weight and behavioral measures included self-reported physical activity [39] and diet [40] .
Measures

Years in the United States
Following previous research on time in the US and obesity, a categorical variable with the three cut offs (B5, 6-15, [15 years) was created to capture exposure to the United States, and also as a proxy for assimilation [23, 24] .
Measure of Obesity
At the clinical visit, trained examiners took height and weight measurements from each subject. This information was used to calculate body mass index (BMI), by dividing weight in kilograms by height in meters squared (kg/m 2 ). Consistent with the definition of obesity by the Asian standards, obesity was defined as BMI of 27.5 kg/m 2 or greater [27, 41] .
Physical Activity
The Global Physical Activity Questionnaire (GPAQ) [42] developed by WHO was used to collect information on physical activity on participants in three settings (or domain): (1) Activity at work; (2) Travel to and from places; and (3) Recreational activities. A series of questions for each domain were asked based on a skip pattern of the preceding question, and metabolic equivalents (METs) for every activity for all participants were calculated. All participants replied to the first question in each domain (i.e. Do you do any kind of vigorous/moderate activity at work that causes large increase in breathing or heart rate?; Do you walk or use bicycle for at least 10 min to get to and from places?; Do you do any vigorous/moderate recreational physical activity for at least 10 min continuously that that causes large increase in breathing or heart rate?). Only 20-40 % participants reported being involved in some type of moderate or vigorous physical activity [20 % in travel related (n = 411), 25 % in work related (n = 511), and 39 % (n = 811) in leisure time physical activity], and were asked subsequent questions related to frequency or time spent on those activities per week. Because information on METs could only be calculated for only a small proportion of our sample, in our final analytical models we kept our measurement for physical activity for all these three settings at a crude level i.e. Work related physical activity: Yes/No; Travel related physical activity: Yes/No; Leisure time physical activity (LTPA): Active (those who replied ''yes'' to recreational activities)/Inactive (those who replied ''no'' to recreational activities).
Leisure Time Physical Activity was categorized as Active for those who replied Yes to the question: ''Do any moderate or vigorous PA for more than 10 min causing increase in heart rate or breathing'' and those who answered No were categorized as Inactive. Work Related Physical Activity was categorized as Yes for those who replied Yes to the question: (1) ''Does your work involve vigorous activity that causes large increase in breathing or heart rate''; or (2) ''Does your work involve moderateintensity activity that causes small increases in breathing or heart rate such as brisk walking or carrying light loads for at least 10 min continuously?'' and as No for those who answered No to either question. Travel Related Physical Activity was categorized as Yes for those who replied Yes to the question: ''Do you walk or use a bicycle (pedal cycle) for at least 10 min continuously to get to and from places?'' and No for those who replied no to the above question.
Diet
Food frequency questionnaire (FFQ) [40] was used at the time of the interview to collect dietary information for each participant. Respondents estimated their consumption frequency over the previous year for 96 foods. Referent portion sizes were available to aid in portion size identification and the frequency of foods were open ended. Nutrient intake was estimated as the product of each food's consumption frequency and amount (in specified units) as reported on the FFQ, number of grams per food unit, and nutrient content per 100 g, summed over all food items. Data collected from the food frequency questionnaire were averaged to produce an estimate of daily energy (kcal/day) and percent kcal from fat [40] .
Other Covariates
We considered a number of covariates as possible confounders for the association between obesity and the time lived in the United States. These included socio-demographic variables such as age, sex, education level, employment status, and health insurance [23, 24] .
Statistical Methods
We used SAS 9.3 (SAS Institute, Cary, NC) to perform all statistical analyses. We calculated the frequency and means of the study population characteristics and health related risk behaviors (diet and physical activity) by the years lived in the United States. Chi squared test was used to assess whether differences were statistically significant. All Chi square estimates are unadjusted.
Multiple logistic regression analysis was used to evaluate the association between the categorical variable for years lived in the US and four different models: obesity, leisure-time physical activity (LTPA), work-related PA and travel PA. We first calculated crude odds ratio for all dependent variables based on years lived in the US, and then we in our second step we added age. Finally, we ran an adjusted model, which included age as well and other potential confounders (socio-demographic variables), to examine the influence each set of variables had on the ORs associated with years lived in the US.
To assess whether sex is an effect modifier in the association between years lived in the US and all of our dependent variables [23, 24] , we evaluated the significance of an interaction term between sex and years lived in the US in all of our models. Interaction terms in all models were insignificant: obesity (p value = 0.28), LTPA (p value = 0.470, work PA (p value = 0.15), and travel PA (p value = 0.27). Thus, we did not stratify our analysis by gender.
Results
Demographics
Sample characteristics are presented in Table 1 . The majority of the sample was female (53 %), had some high school education. Almost 42 % had government health insurance while 38 % were uninsured. The prevalence of obesity (BMI [ 27) was 16 % (19.6 % in women and 13 % in men). The average age of migration to the United States was 39.4 years old and 36.7 % of the sample resided in the US for 6-15 years while 34.3 % who lived in the US for [15 years.
Duration of US Residence and Main Study Variables
Chi squared tests revealed statistically significant differences between the three designated immigration groups: B5, 6-15 and [15 years. Those who lived in the US [15 years were on average 9 and 11 years older than those living in the US for 6-15 and B5 years, respectively (p \ 0.001).
Those who lived in the US for the longest duration ([15 years), were the most active in performing leisure time physical activity for more than 10 min (p \ 0.001) however, had the highest percentage of type II diabetes mellitus (11.3 %, p \ 0.001), highest average BMI (24.3, p \ 0.001), and highest prevalence of obesity (19.3 %, p = 0.006) than those living in the US for B5 and 6-15 years. There was no statistically significant difference between the kilocalories consumed by each group (B5, 6-15 and [15 years). Those without health insurance comprised almost half of those living in the US for B5 and 6-15 years. Employment status (64.5 %) and college education (43.4 %) were greatest among those living in the US for 6-15 years ( Table 2) . health insurance coverage and education. Those without formal education had greater odds of being obese when compared to those of lower educational levels, controlling for covariates. Men and those 60 years and older had greater odds of being obese than women and other age groups, respectively, when controlling for age, gender, employment status, health insurance coverage and education. Table 4 shows that those living in the US for [15 years have the greatest odds for being physically active compared to immigrants living in the US for B5 years, The odds of men and the college educated being physically active were higher compared to women and other educational groups, when adjusting for age, gender, employment status, health insurance coverage and education.
Duration of US Residence and Obesity
Duration of US Residence and Leisure-Time Physical Activity
Duration of US Residence and Work-Related Physical Activity
When adjusting for age, gender, health insurance coverage and education, there were decreased odds associated with physically activity at work among immigrants living in the US for 6-15 years, when compared to immigrants living in the US for B5 years. Similar to previous analysis, when adjusting for age, gender, health insurance coverage and education, men had almost 2.5 times the odds of being physically active at work than women. The odds of being physically active at work was 52 and 56 % higher for elementary and high school educated in comparison with those who have a college education when adjusting for age, gender, health insurance coverage and education (Table 5) .
Duration of US Residence and Travel Related Physical Activity
In Table 6 , when adjusting for age, gender, employment status, health insurance coverage and education, the odds for doing at least 10 min of travel related physical activity was lower for men and the uninsured compared to women and those with government health insurance. Those 60 years and older had a 86 % greater odds for doing at least 10 min of travel related physical activity than younger counterparts. Retired persons had a higher odds of doing more than 10 min of travel related physical activity than those who were employed. Gender did not modify any of the potential relationships associated with years living in the US: work related physical activity, leisure time physical activity and obesity. The tests for interaction between gender and years living in the US were not statistically significant.
Discussion
Our study suggests that longer US residence is associated with an elevated risk of obesity, using Asian obesity standards, among Chinese immigrants living in NYC: those who have lived in the US 15 years or longer have a heightened risk, compared to those living in the US 5 years or less. This finding is consistent with past studies which have shown an elevated obesity risk at the 10 and 15 years duration of residence cutoff points [23, 32, 43] This association is not influenced by SES and demographic factors measured in our study. Of the SES and demographic Physically active: Those who replied Yes to the question: ''Do any moderate or vigorous PA for more than 10 min causing increase in heart rate or breathing'' were categorized as Active, and those who answered No were categorized as Inactive a Model was simultaneously adjusted for age factors we examine, women (compared to men) and individuals who reported no schooling were at an increased risk for obesity. We aimed to examine whether increased caloric intake and/or a decline in physical activity might explain the increased obesity risk. In bivariate comparisons, we found that total kilocalories did not vary significantly by our duration of residence categories (Table 2 ). In contrast, there were significant differences in physical activity by our duration of residence categories. In adjusted analyses, longer duration of US residence was associated with a greater likelihood of any leisure-time physical activity (vs. none), but lower likelihood of work related physical activity, a finding consistent with previous literature [26] . Therefore, our study suggests that lower levels of workrelated PA might explain elevated obesity risk in immigrants with longer US residence.
From a broader perspective, longer duration of US residence can be viewed as a marker of cumulative exposure to a new social, cultural, and physical environment. In this regard, our study lends support to the notion that assimilation to the US has an adverse effect on health. Relating our findings to global changes in lifestyles and patterns in obesity and diabetes, however, may help elucidate some of the causal pathways implicated in this process of unhealthy assimilation [38, 44, 45] . Intracountry migrants who move from rural to urban areas, or who transition from poverty to affluence, for example, can take on more sedentary jobs, markedly different from their former labor-intensive work and adopt less healthy diets [46, 47] . Migrants who move from their home country to the US, particularly major urban destinations such as New York City (NYC), and seek better economic opportunities undergo similar, perhaps more dramatic changes. To the Those who replied Yes to the question: (1) Does your work involve vigorous activity that causes large increase in breathing or heart rate; or (2) Does your work involve moderate-intensity activity that causes small increases in breathing or heart rate such as brisk walking or carrying light loads for at least 10 min continuously? a Model was simultaneously adjusted for age b Model was simultaneously adjusted for age, gender, health insurance coverage, education level extent that Chinese immigrants are integrating into more sedentary occupations upon settling in NYC, it makes sense that work-related PA declines with greater time in the US and that this trend might explain higher obesity risk.
Limitations and Considerations for Future Research on Immigrant Health
We used convenience sampling. A comparison of our study sample to the NYC Chinese adult population, using the 2006-2010 American Community Survey, indicate that overall our sample was older but educational and employment levels were relatively comparable [48, 49] . Also 97 % of our sample was foreign-born compared to 76 % of the NYC Chinese adult population [48, 49] . Because this study relies on cross-sectional data used from the CHA CHA study, it is beyond our scope to estimate temporal effects, which would help to establish causality, and allow us to conduct a formal causal mediation analysis linking diet and physical activity to obesity risk [50] . Further, cross-sectional studies of immigrants do not allow the study of key dynamic aspects of immigration at the Those who replied Yes to the question: Do you walk or use a bicycle (pedal cycle) for at least 10 min continuously to get to and from places? a Model was simultaneously adjusted for age individual level [51] . Because we have a cross-section of different migrant cohorts in our study, it is possible that they arrive to the US with a different migration experience [23] . Family inter-generational studies (parents and their offspring), prospective cohort studies of new immigrants followed at regular intervals [51] , and bi-national studies of migrants and their non-migrant counterparts [52, 53] would allow us to control for heterogeneity by place of origin, to study adaptation over time, and to assess immigrant selection. Chronic exposure to the US built environment (e.g. walkability, proximity to grocery stores, public transit), which is increasingly characterized as ''obesogenic'' [54, 55] may also play an important role in accelerating the development of obesity in US immigrants [56] . Also within an urban context, such as NYC, neighborhood crime, unfamiliarity with the physical surroundings may also discourage immigrants from maintaining an active lifestyle [57] [58] [59] [60] . However, our survey did not collect information on these variables.
Conclusion
Relationships between measures of assimilation, such as duration of US residence, and health are complex [17] , and both negative and positive associations between assimilation and health have been observed [23, 25, 26, 43, [61] [62] [63] [64] [65] . This evidence from the health literature is not surprising given the heterogeneity of assimilation processes in US immigrants as described by scholars of migration [66] . Our study adds to the evidence on the adverse associations between accumulating exposure to US environment and obesity risk and other health indicators in US immigrant. Although we provide preliminary evidence that the elevated obesity risk in immigrants might be explained by a shift to more sedentary occupations, a more systematic study of the causal mechanisms linking assimilation to poor health is called for. We also suggest that such examinations would benefit when placed within the context of the global epidemic of obesity.
